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ABSTRACT

This report was undertaken primarily as a study of
Pennsylvanian strata which crop out in the Sedillo-Cedro
Canyon area.

The subdivision of the Madera formation as

proposed by Read and others (1944) was adopted for purposes
of mapping.

This subdivision is based on a dominance of

either limestone or clastic rocks in the formation.
The writer was unable to measure a Pennsylvanian
section in the field due to thickness changes, facies
gradations, and faults which were often concealed by dense
soil cover.

However, by visually traversing the area on

aerial photographs using arbitrarily chosen zones, estimated
thicknesses for the members were obtained.

These thicknesses

used in conjunction with studies of topographic maps and
field observations enabled the writer to prepare a geologic
map showing structural relief within the area.

The estimated

thicknesses are as follows:
Thickness
(feet)

Formations and Members
Madera limestone
Upper arkosic member

#75

Lower gray member

500

Sandia formation

87
Total:

1

1,462

Structurally, the highest point within the area lies
along the crest of the Sabino anticline, a broad gentle fold
that trends north-northwest and plunges in the same direction.
The western limb of the anticline is broken by a series of
longitudinal faults, most of which are downthrown to the west
giving the structure an asymmetrical appearance as the bedding
is tilted steeply downward to the west.
The Sabino anticline is terminated abruptly on the north
by the Chamisoso fault which is the first of several faults
of a northeast-trending set.

The Chamisoso fault apparently

forms a hinge line on which all beds to the north have been
tilted downward more steeply thereby producing exposure and
preservation of most of the Pennsylvanian sequence.
Farther north in the same set, the Gutierrez fault which
has a stratigraphic throw of 3,000 to 4,000 feet has preserved
Upper Cretaceous sediments which presently lie exposed in a
series of northeasterly plunging asymmetrical folds.
Another fault set trending north-northwest intersects
nearly at right angles with the northeast-trending set.
Numerous small faults intersect in the vicinity of Cedro and
Tijeras canyons where they fall within the Tijeras constriction
of concentrated deformation.
The combined displacement of the Otero and Cedro faults
in the northwest set, and the Chamisoso fault in the northeast
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set have formed a horst in which lies a small exposure of
Precambrian rocks in Sections 26 and 35, T. 10 N., R. 5 E #
The horst gradually widens to the south and extends beyond
the southern boundary of the area.
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INTRODUCTION
General Discussion
The S edillo-Cedro Canyon area is about 15 miles east
of Albuquerque in Bernalillo County, New Mexico.
mately 79 square miles were mapped.

Approxi

Of this total area,

about 53 square miles lie within the confines of the Cibola
National Forest.
The boundaries of the area were selected to include
all the area encompassed by the U. S. Geological Survey
7.5-minute Sedillo quadrangle (compiled 1954).

Also included

in the report is the Cedro Canyon part of the adjoining
Tijeras quadrangle.
The area may be reached almost any time of the year by
traveling east from Albuquerque on U . S. Highway 66 which
crosses the northern part of the area (Fig. 2).

New Mexico

State Road 10 leads south from Tijeras across the southwestern
part of the area.

Leading from both Highway 66 and State

Road 10 are numerous improved and unimproved dirt roads which
are usually accessible except for short intervals during the
winter months or in the rainy season of July and August.
Several of the unimproved roads may be used by a two-wheel
drive vehicle, but most of these roads require a four-wheel
drive vehicle.
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Figure 1
Index map of New Mexico showing enlargement
of the 3 edillo-Cedro Canyon area.
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Regional Geology
The Sedillo-Cedro Canyon area lies within the backslope
or eastern flank of the relatively low Manzanita uplift which
lies between the more prominent Sandia and Manzano uplifts to
the north and south, respectively.
The west-facing scarp of the Sandia Mountains is made up
of Precambrian porphyritic biotite granite capped by Pennsyl
vanian strata.

The Pennsylvanian beds form a dip slope of

ten to fifteen degrees on the eastern flank of the uplift.
The eastern slope was first considered by Darton (1923, p. 99)
to be the eastern limb of a large faulted anticline with the
western flank lying beneath thousands of feet of sediments in
the Rio Grande Valley.

He stated that evidence for this

theory lies in the fact that strata at the northern end of
the uplift plunge northward.

A different origin was proposed

by Keyes (1937, p. 50) who believed the Sandias may be a com
plex modification of the 3asin and Range type of structure.
Reiche (1949, p* 1133) described the Manzanita and Man
zano uplifts as consisting of:
" • • • low-dipping Pennsylvanian marine strata,
chiefly limestones, which rest on a peneplaned
Proterozoic sequence of slightly metamorphosed
clastic sediments and acidic and basic volcanics,
and a granitic stock."
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Physiography
Regional
Fenneman (1931, p* 612) included the Manzanita uplift
in the Basin and Range Province of the Intermontane Plateaus.
Kelley (1952, p. 93) believed the uplift to be part of an
extension of the southern Rocky Mountains stating that the
Rio Grande depression and its bordering uplifts formed a
fault belt forty to fifty miles wide in the Albuquerque area
where it comprised the entire width of the Rocky Mountains.
The Sandia uplift is about twenty miles in length and
reaches a maximum elevation of 10,6&0 feet.
mately 5,500 feet.

Relief is approxi

The uplift is topographically asymmetric

with a steep western front and a more gently sloping eastern
flank.
Regionally, drainage may be either eastward into the
Estancla basin or westward into the Rio Grande basin.
Streams are generally intermittent.

Several small spring-fed

streams in the region run for short distances and gradually
disappear into the sands and gravels of the canyon floors.
The Sedlllo-Cedro Canyon Area
The Sedillo-Cedro Canyon area does not exhibit the more
pronounced relief of the Sandia Mountains.

Maximum relief of

1,547 feet is in the western part of the area where the terrain
is characterized by numerous well-developed canyons.

7

The

lowest elevation of the area is 6,220 feet in the village of
Tijeras.

Cedro Peak, highest point in the area, reaches an

elevation of 7,767 feet.
In the eastern part of the area, relief ranges from a
few feet to about 600 feet.

Lowest relief is found near the

eastern boundary where broad valleys are bordered by small
hills.
The watershed divide for drainage into the Estancia
basin or the Rio Grande basin trends roughly north-south from
the northeastern corner of the area (Fig. 2).
Climate
Climate is typical of the semiarid regions of the south
western United States.

Gordon and others (1961, p. 21) show

on an isohyetal map that the Sedillo-Cedro Canyon area falls
within a zone which receives about sixteen to twenty inches
of precipitation annually.

Approximately one-third of this

falls during the two summer months of July and August and
often is in the nature of a brief torrential downpour.

During

this rainy season, storms are the result of warm moist air that
moves in from the Gulf of Mexico and becomes unstable as it
reaches the eastern slope of the mountains.

Another explana

tion for summer precipitation was given by Wengerd (personal
communication, 1962) who stated that rainfall is largely the
result of moist air traveling into the region from Baja
California.
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In the winter months precipitation is primarily the
product of air masses from the Gulf of Mexico, but it may
occur when moist air moves in from the North Pacific.
Vegetation
According to Gordon and others (1961, p. 39-45), eleva
tions such as those found in the Sedillo-Cedro Canyon area
may be roughly divided into two floral zones.
termed:

These are

(1) the forest or ponderosa pine zone, and (2) the

woodland or pinon-juniper zone.

The dividing line for the

two zones is approximately 7,500 feet.

Ponderosa pine, Pinus

ponderosa. generally appears at elevations of about 7,500 to
3,000 feet.

Undergrowth is mainly grama and other grasses

and low shrubs—

commonly Gambel oak.

The pinon-juniper association, Pinus edulis— Juniperus
monosperma. is found in the foothills and on the lower mountain
slopes of the region.

In the Sedillo-Cedro Canyon area, the

two are rather well mixed below 7,500 feet, but it can be
observed to the west of the area that the juniper commonly
extends to lower elevations than the pinon.
Other plants include:

sagebrush, Russian thistle

(Salsola sp.), yucca, and several varieties of cacti scattered
throughout the area.
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Previous Work
Probably the first study of the Sandia Mountains area
was made by Marcou (1356, p. 141-142).

He proposed no names

for the strata he observed, but reported that Carboniferous
rocks at Tijeras, which he called "mountain limestones",
were three hundred feet thick.

A few miles to the north he

estimated them to be two thousand feet thick.
Herrick (1&9&), former University of New Mexico presi
dent, aroused interest in the Albuquerque area by publishing
a paper on the geology of the Rio Grande Valley.

On page 27

he mentions that the eastern wall of the valley is made up of:
" . . . gneisses, granites, and quartzytes in what may
have been the axis of a monocline."
Later Herrick (1900, p. 114) proposed the term Sandia
series for the lower part of the Pennsylvanian sequence.

A

sandstone, which he named the Coyote, separates the Sandia
series from the upper part of the Pennsylvanian system.

The

upper part of the Pennsylvanian, he noted, contains a large
form of Fusulina.
Keyes (1903, p. 20$) proposed the name Madera for the
upper Fusulina-bearing limestones, presumably deriving the
name from the village of La Madera on the eastern slope of
the Sandia Mountains.

In the years following, Keyes alter

nately proposed and abandoned an array of names in an attempt
to subdivide the Pennsylvanian strata.

10

Following his failure

to describe the units he proposed, his terms, with the
exception of the name Madera, were consequently not accepted*
Gordon (1907, p. $06) introduced the name Magdalena
group in which he placed all of the Pennsylvanian rocks of
the Magdalena Mountains.

He divided this group into the

Sandia formation below and the Madera limestone above.
Needham (1937, p. 14) was the first to attempt to
correlate the Pennsylvanian strata of New Mexico with those
of other regions.
zones:

He subdivided the Magdalena into two faunal

a lower zone characterized by Fusulina. Wedekindellina.

Staffella, and Ozawainella; and an upper zone characterized by
Triticites.
Thompson (1942, p. 26-27), in a detailed classification
of the Pennsylvanian system using Midcontinent terms, pro
posed a total of four series, eight groups, and sixteen forma
tions based on the zonation of fourteen genera of fusulinids
with no description of species.

He stated that his divisions

were made chiefly on the basis of lithologic characteristics,
but pointed out that lithologic variations are great between
localities.
Thompson’s formation names have generally not been
accepted because they are faunal zones rather than mappable
units.
Read and others (1944) presented a four-fold division
of Pennsylvanian strata in northern New Mexico.

11

The sequence

they presented begins at the base with a limestone member
overlain by a clastic member—
formation*

the two comprising the Sandia

Above the Sandia formation, the Madera formation

is made up of a lower limestone member and an upperarkosic
member.

Transition zones rather than sharp contacts separate

the members.

The zones are made up of intercalated limestone

and clastic beds.

Since none of the members is comprised

entirely of limestones or elastics, each is distinguished by
a dominance of the rock type from which it derives its name.
Stark and Dapples (1946) published a study of the geology
of the Los Pinos Mountains.

Their description of the Pre-

cambrian and Pennsylvanian outcrops is thorough and provides
an excellent reference.

In their report (op. cit., p. 1145),

they adopt the Midcontinent series for the Pennsylvanian
system as used by Thompson (1942) stating that Thompson^
subdivisions conform to standard terminology for Pennsylvanian
strata.

Stark and Dapples go on to say, however, that they

did not use Thompson*s terras below series level since they
were unable to recognize any of his groups or formations in
the Los Pinos area,
Reiche (1949) studied the Manzanita and North Manzano
Mountains and wrote a comprehensive report on Precambrian
outcrops in that area.

Although a considerable part of the

area he mapped consists of Pennsylvanian strata, he did not
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attempt to describe them, but instead, referred the reader to
the report by Stark and Dapples (1946).
Toomey (1953) studied the paleontology and stratigraphy
of the Carboniferous rocks in the northern part of the Sandia
Mountains in the vicinity of Placitas.
The same year Szabo (1953) prepared a paleontological
report on Pennsylvanian strata in the Cedro Canyon area.
Kelley (1959, p. 35, 37-39) presented stratigraphic and
structural relationships of the Tijeras area.

In a generalized

section of the formations of the Sandia Mountains area, he
listed thicknesses and character of the strata (Fig. 3) .
Purpose
The study of the Sedillo-Cedro Canyon area was undertaken
as a thesis in partial fulfillment of the requirements for the
degree of master of science in geology.
The objective of this thesis is to present a report on
Pennsylvanian exposures in the area mapped, describing
lithology and listing thickness of members.

Structural inter

pretation, such as the location, extent, and intensity of
faulting and folding shall also be of primary importance.
While outcrops assigned to ages other than Pennsylvanian
are also found in the area, they are not the main concern of
the writer and shall be discussed only lightly in the report.
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S ystem _______ _____ G roup
Q u a te rn a ry
and
S a n ta Fe
T e rtia ry
M esa verde
C retaceous
D akota
Ju rassic

T riassic

P erm ian

Pennsylvanian
P rec a m b ria n

Thickness
(F e e t)

__ _ F o rm atio n
S a n ta Fe

M esaverde
Mancos shale
D akota sandstone
M orrison
Todilto
E n trad a sandstone
Chinle
Dockum group
S a n ta Rosa
San A ndres form ation
San A ndres group
G lorieta sandstone
San Ysidro
Yeso group
M eseta Blanca sandstone
Abo
M adera
M agdalena group
Sandia
S andia g ra n ite (13 50 m y )
T ijeras greenstone
Sevilleta gneiss

0-10.0003,500
l,7 0 0 t
100-250
500
0-100
125
l,3 0 0 t
3001
75
150
250
150
600-900
1,200+
200+

C h a ra c te r
Silt, sand, gravel, clay and m arl
Shale, siltstone, sandstone
Shale
Sandstone, shale, and conglom erate
M udstone, sandstone
G ypsum and lim estone
S andstone
M udstone, sandstone
Sandstone, m udstone, conglom erate
Lim estone, sandstone
Sandstone
M udstone, lim estone, gypsum , sandstone
S andstone
M udstone, sandstone
Lim estone, shale, sandstone
Sandstone, shale, lim estone, conglom erate
P o rp h y ritic b io tite g ra n ite
M etavolcanics
Gneiss and q u a rtz ite

Figure 3
Generalized section of the formations of the Sandia Mountains area, after Kelley, 1959, p. 41.

Methods of Study
Field work was begun during early spring 1961 and com
pleted in mid-summer of the same year.
Strike and dip values were obtained by the use of a
Brunton compass.

Mapping of faults was aided by the use of

aerial photographs (scale 1:31,6&0).

Photographs were studied

with a pocket stereoscope and a Fairchild mirror stereoscope.
Data obtained in the field were placed on U . S. Geological
Survey topographic quadrangles which were used as work copies.
This information was transferred to a base map traced from
the quadrangles (scale It 24,000).
Problems
Correlation of Pennsylvanian strata presented the greatest
problem in the study of the Sedillo-Cedro Canyon area.

Several

factors are involved that make correlation difficult.

Probably

the most important factor is interstratification involving
beds of limestone, sandstone, and shale.

The effect of inter

stratification is that a section of strata may closely resemble
other sections above or below it.

If, when following a good

exposure, one comes to a point where soil cover terminates
that exposure, rarely can the strata be identified as the same
elsewhere beyond the cover.
Lateral lithologic changes are also an important factor
in correlation.

Variations may occur within very short dis

tances and a small amount of soil cover causes difficulty in
correlation.
15
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Also, thickness changes are common.
used as a tool in correlation.

Thickness cannot be

Beds may thicken, thin, or

pinch out in short distances in any direction.
Closely related to the problem of correlation is the
problem of measuring the thickness of the Pennsylvanian forma
tions.

The two major factors in the problem are faults and

soil cover.

One cannot attempt to measure a section anywhere

in or near the Sedillo-Cedro Canyon area without crossing
several faults.

Although in several places bedding is

exposed on both sides of a fault, distinctive beds in one
block cannot be recognized in the other.

Stratigraphic throw

of faults cannot be accurately determined even where it is
thought to be small.
Several attempts were made to measure thicknesses for
the formations, but all were ultimately abandoned.

Much

additional information, perhaps from future paleontological
studies, is needed to combine with lithologic studies in
order to overcome many of the problems in the area.
In summary, the problems involved in a study of the
Pennsylvanian strata in northern New Mexico are many and
complex.

Perhaps the discussion of these problems will

serve future workers in planning an approach toward a better
understanding of the geologic principles involved.

16
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STRATIGRAPHY
Precambrian
Stark and Dapples (1946, p. 1127-1130) studied the Pre
cambrian rocks of the Los Pinos Mountains and described the
sequence as follows:
Thickness
(feet)

Formations
Granite (Priest facies and Los
Pinos facies), pegmatite, and
aplite followed by quartz and
quartz-feldspar veins and
dikes

Sevilleta rhyolite.............. 4,500
White Ridge quartzite.......... 3,700
Blue Springs schist consisting of
siltstone, slate, and schist .
Sais quartzite..................

4,000
600

Total: 12,BOO
All the above formations contain dikes, sills, and basic
rocks (flows) which have been altered to hornblende and
chlorite.
For the Precambrian rocks of the Manzanita and North
Manzano Mountains, Reiche (1949, p* 11B6-1195) proposed the
following sequence:

Ojito stock of metaluminous soda granite:
siliceous and intermediate—

quartz gabbro,

rhyolite prophyry, pegmatite (rare), and
aplite; low silica intrusives- - olivine
gabbro, diabase, pyroxenite, and andesite
porphyry.
Sevilleta formation (metarhyolite):

pink

schistose and gneissose meta-igneous rocks
with minor slate, basic dikes and sills,
dikes of aplite, granite, and pegmatite.
Thickness:

4,500 to 12,000 feet.

Upper Metaclastic series:

white and gray

quartzite (400 feet in thickness) at base,
overlain by chlorite schist, npaper
phyllites," siltstones, and schistose grits.
Thickness:

4,000 feet or more.

- - Angular unconformity up to 20 degrees - Lower Metaclastic series:
and schistose grits.

gray slates, phyllites,
Thickness:

7,500 feet.

Greenstone complex, including the Lacorocah meta
tuff member:

massive greenstone, chloritic

schist, gray, black, and lavender slate, and
andesitic metatuffs, siltstone, and phyllite.
Thickness:

1,000 to 2,000 feet.

Total thickness:

17,000 to 25,500 feet,

19

Within the Sedillo-C edro Canyon area, a small inlier of
Precambrian rocks crops out in Sections 26 and 35, T. 10 N.,
1.

5 E*

The exposure is about 4,000 feet long and about

1,000 feet wide.

Surrounded by strata of the Magdalena group

the Precambrian rocks have been exposed by faulting on all
sides except the southeast.
Rocks within the exposure are made up mainly of mica
schist with vein quartz ranging from one-quarter inch to
several feet in thickness.

In some places, beds of siltstone

are intercalated with the mica schist.

The rocks resemble

the Blue Springs schist as defined by Stark and Dapples
(1946, p. 1 1 2 9 ) or the Upper Metaclastic series as described
by Reiche (1949, p. 11&9-1191)• According to Reiche (1949,
p. 1190), metaclastic rocks aggregate nearly 2,200 feet in
thickness in the Coyote drainage which lies about three
miles southwest of the Precambrian exposure mapped by the
present writer.
In the Sedillo-Cedro Canyon area, strike and dip measure
raents of the Precambrian siltstone show a general strike of
M. 51° £., with a dip of 45° to the southeast.

This trend

corresponds with the findings of Reiche (1949, p . 1197) who
states, "A south-southeast dip of 50° to SO0 characterizes
both schistosity and bedding, nearly throughout the area
mapped.”

Stark and Dapples (1946, p. 1157) report a general

20

strike of N. 20° E., and dip of 45° W. and state that local
exceptions to this regional trend are common.
Paleozoic Systems
Lower Paleozoic strata, i.e., Cambrian through Devonian,
have not been reported in outcrop in northern New Mexico.
Outcrops of Mississippian, Pennsylvanian, or younger strata
rest unconformably on Precambrian rocks.
Pre-P ennsylvanian
Toomey (1953, p« 21) in his study of the northern end,
and Szabo (1953, p. 27 - 53 ) in his study of the southern end
of the Sandia Mountains, suggest the presence of prePennsylvanian strata.

Toomey reported the presence of

feet, whereas Szabo measured thicknesses up to 47 feet.
Pre-Pennsylvanian rocks are probably absent along the
crest of the Sandia Mountains where the basal unit of the
Sandia formation lies unconformably on Precambrian granite.
It is believed the outcrops reported by both Toomey and
Szabo may represent local preservation of pre-Pennsylvanian
rocks which were deposited on an irregular Precambrian surface.
In the Sedillo-Cedro Canyon area no pre-Pennsylvanian strata
were found by the writer.
Pennsylvanian
As previously stated, the Pennsylvanian strata of the
Sedillo-Cedro Canyon area are the main subject of this report.
21
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Outcrops of these rocks are found in most of the mapped area
and are made up of limestone, sandstone, and shale.
Previous subdivisions of the Sandia and Madera forma
tions have been based on lithologic or paleontologic charac
teristics, or both.

Members proposed and used by various

workers are commonly not accepted by other workers.

This

has resulted in the introduction of several subdivisions.
Regional correlation on the level of members remains a major
problem.
The present writer used lithology as a basis for mapping
and adopted the subdivision of the Madera formation proposed
by Read and others (1944) which is as follows:
Upper arkosic member
Madera formation:
Lower gray limestone member
- These members, although not easily separated by field
observation, do contain a dominance of rock type or material
for which they were named.

It is believed that this sub

division probably affords the best means for mapping below
formation level.
Read and others (1944) presented several graphic sections
of the Magdalena group and Abo formation measured in the Manzano, Manzanita, and Sandia Mountains.

In one of these

sections measured in Cedro Canyon in Sections 26 and 35,
T. 10 N ., R . 5 E,, they indicate a thickness of about 1,350
feet for the Magdalena group.

To the north in the San

22

Antonito vicinity, Section 22, T. 11 N., R. 6 E., they show
a thickness of about 1,5 0 0 feet,
Szabo (1953, p. 27 - 53 ) presented several partial sections
measured in Cedro Canyon.

He correlated these sections and

reported the following thicknesses:
Thickness
(feet)

Formations and Members
Madera limestone
Upper arkosic member. . ...........

656

Lower gray member• • • • .........

370

Sandia formation...............

115

Total:

1,141

Kelley (1959, p. 41) indicated a thickness of 1,4 0 0
feet ^ in the Sandia Mountains area.
Sandia Formation
Lying unconformably above the rocks of the Precambrian
exposure previously described is the only outcrop of the
Sandia formation within the Sedillo-Cedro Canyon area.

Strata

are obscured by slope debris and dense vegetation and only
float material comprised of sandstone and conglomerate is
found on the surface.
Ascending from what was assumed to be the uppermost
extent of the Precambrian schist to the lower limit of the
Lower gray member of the Madera formation, the writer measured

23

a thickness of $7 feet.

It is believed this thickness is

accurate within 10 feet.
At one location within the Sandia formation, about
twelve feet above the Precambrian schist, there is exposed
a crumbly, reddish brown layer about five feet in thickness.
The material is highly siliceous and contains rounded iron
bearing nodules varying in size from one-eighth to one-half
inch in diameter.

The weathered surface of the outcrop has

crumbled into pieces roughly resembling small flattened
blocks, and has the appearance of being highly shattered.
Closely spaced vertical fractures in two sets, one at right
angles to the other, form the four sides of the blocks.

The

upper and lower surfaces of the blocks are formed by horizontal
planes of weakness normal to the fractures and may suggest
that the rock is stratified.

No other exposures of this

material were found in the Sedillo-Cedro Canyon area.
Read (personal communication, August, 1961) believes
this rock is a regolith, and where found, forms the lower
most layer of the Sandia formation.

The coloration of

regoliths observed by Read in various regions of the United
States ranges from reddish brown to black and he believes
this may be the result of climatic differences.

The regolith

observed by the writer in the Sedillo-Cedro Canyon area may
correlate with a similar material found in the Pennsylvanian
Molas formation of the Four Corners area.

The regolith in

that area is found only where it overlies limestone.
24
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Merrill and Winar (195$, p. 2125-2126) point out that
in the lower part of the Molas formation the dominance of
kaolinite, lack of heavy minerals, abundance of ferric iron,
and relic stratification suggest an ancient lateritic soil*
In the upper part, an abundance of illite, more numerous
heavy minerals, diversity of lithology, continuity of strata,
and marine fossils in the upper ten to thirty feet suggest a
marine environment.

This and other evidence indicate that a

residual soil formed on the pre-Pennsylvanian karst surface
was reworked by advancing late Morrowan-early Atokan seas,
and was redeposited in a marine environment.
Madera Limestone
Lower gray member. Exposures of this member are found
in the western one-half of the area— north to the Bartola
fault.

The exposures are characterized by limestone ranging

from about one foot to more than fifteen feet in thickness.
Locally there are beds of brown coarse-grained sandstone and
gray shale, each varying from one to four feet in thickness.
Thin- and massive-bedded limestone may alternate within one
sequence in some localities, but lateral variations may occur
abruptly and one thickness, massive or thin, may dominate.
In some instances, massive beds were observed to thin out in
very short distances as shown in Plate 1.

Here, the lime

stone (outlined in ink) measures about six feet at its maximum
thickness and thins laterally in twenty-five feet to about two
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Plate 1
Limestone of the Lower gray member of the Madera
formation* This example shows a rapid lateral
thickness change typical of Pennsylvanian strata
within the area. The massive limestone outlined
in ink thins to the right. No lateral facies
gradation is present.
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feet in thickness.

Whereas such changes in thickness are

frequently accompanied by a facies gradation, this particular
example is not.

The photograph illustrates the abrupt nature

of the lateral variations that occur throughout the Pennsylvanian
deposits.
The strata of the Lower gray member are generally light
to dark gray or buff.

When weathered they are a gray buff.

Weathering may produce a smooth even surface, a smooth gently
rolling surface, or a pitted rillenstein surface.
The limestone is generally finely to very finely
crystalline— in places almost lithographic in texture.

The

rocks are generally dense and break with a conchoidal fracture.
Some of the limestone, when acidized with a ten percent
hydrochloric acid solution, contained extremely fine insoluble
material.

The proportion of this material in the rocks

examined was estimated to range as high as thirty percent.
This rock is dark gray and very dense, and is classified as
a clayey limestone.
Chert is present in nodules or veinlets but is more
commonly found as thin layers one-quarter to one-half inch
in thickness along bedding planes and in joints.

Where it

occurs, adhered to an exposed bedding plane of the limestone,
the surface is pitted displaying jagged and sharp edges.
Color ranges from dark brown to buff.
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Sandstone is composed of fine- to medium-grained subangular quartz with feldspar and muscovite and is well
cemented by calcareous cement.

The calcareous cement may

increase to the extent that the rock laterally becomes a
fine-grained arenaceous limestone.
The gray shale is calcareous; it may be either micaceous
or nonmicaceous, and is commonly associated with nodules and
veinlets of gypsum.
the shale layers.

These veinlets may parallel or cut across
All veinlets are believed to be secondary--

those paralleling the shale layers being supplied material by
the crosscutting type and possibly replacing layers of calcite
formerly interbedded with the shale.

The nodules of gypsum

are less common than the veinlets and are also believed to be
secondary.

They may represent replacement of calcite nodules

by gypsum where post-depositional fracturing allowed percolation
of gypsum-bearing water.
Neither the sandstone nor the shale is common in outcrop.
These strata may occur more frequently than was observed
since they weather and become covered more readily by soil
and vegetation than does the limestone.
Stark and Dapples (1946, p. 1146) state that commonly in
the Derry and less frequently in the younger series, there
occurs a light gray coarse-grained sandstone, locally con
glomeratic and dominantly composed of fragments of granule
size.

This sandstone is massive bedded and cross laminated.
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A reconnaissance was made into Coyote Canyon to the west
of the Cedro Canyon to establish the presence of this type of
sandstone in the Kanzanita Mountains.

Sandstones resembling

the description were found, and it is believed they appear in
the lower part of the Lower gray member.

Sandstones though

well exposed in canyon bottoms are less frequently exposed in
the slopes.

The interval containing the sandstone may exceed

200 feet in thickness.
In addition to the light-gray sandstone, the writer
observed gray-brown or deep red-brown finely crystalline
limestone and coarsely crystalline brown limestone that
weathers gray.
All three of these rock types, light-gray sandstone,
gray-brown or deep red limestone, and coarsely crystalline
limestone, are well displayed in the easterly tributaries of
Coyote Canyon.

None of these types was observed in the

Lower gray member in the Sedillo-Cedro Canyon area probably
because in localities of possible outcrop, the beds are
covered by slope debris and vegetation.
Read and others (1944) may have included these rocks where
they recorded a covered slope in their Cedro Canyon section
and may have placed some of them in the Sandia formation.
Acting on a suggestion by Dr. V. C. Kelley (personal
coiuiriunication, 19 6 1 ) , the writer, using a Fairchild mirror
stereoscope, attempted to label zones or sequences that were
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selected on aerial photographs by starting at Precambrian
outcrops in Coyote Canyon and moving eastward and stratigraphically upward to the top of the Pennsylvanian.
purpose was two-fold:

The

(1 ) to help estimate the thickness

of the Pennsylvanian strata, and (2 ) to give an idea of the
displacement by faulting.
The technique of delineating variations in lithology,
topography, vegetation, and other features visible on aerial
photographs has been in use for several years.

In this

report, the technique was carried a step further in that zones
or sequences of strata were arbitrarily chosen and delineated
where no marked difference exists.

The zones were not easily

selected on the photographs, and it is doubtful they could be
distinguished in the field.
The top of each zone was generally picked where a massive
bed crops out and can be seen on the photograph.

If Insufficient

exposure did not allow a visual stratigraphic ascent, the zone
was traced laterally to a point where an overlying zone could
be chosen.

In tracing laterally, the massive marker-bed was

commonly lost due to a change in thickness or soil cover.
Where this occurred, the position of the bed was inferred by
continuing the same thickness until an overlying zone could
be picked.

With thi3 method, the effects of minor lateral

variations are greatly reduced.
Each zone, as it was selected, was labeled I , I I , III,
etc.

When, in the visual traverse, the writer came to the
30

|

,4'j

'M'i *n :v ' ."1 / “ i

i

f

•?»!*

s.nra-a

e** $ixi raw bn*

t« io n ac

?tfo*c,0 cii

:b 1 Ci'-.v5 eft-- ft®oc^t<•’
•
ilM

.S f^ * v

h

■*.» -{S 'i am t

.

fc»U u rvX i| * < i'i* '3 •?* * t *

ta&Mftoalqaifc
H i . ; :» *r,

'.v.

i ■■-( H fc i***c i r t

1 .- ■'

#**i. jt t « * * d

s<fq**r$«JOfiq

t;-i'n.»0 •?** $Hb If.:1*9$ »fld ,crx0 q#l

C;• fJ:
^p.;r>rivu|--^-bir.^ .t*k:;.

*41

m i # * * ***** ****** \o *#**i#i^** -to
.

%'rA-jy^ ■r ^ f

H yl h m ,•=

*<* m> &*;*»* I*a

....f * l . lr ni b^ia..Ur*j*,i$ ji :»
.
.

*M

M

- $E * $ § i

*“**« J j w * v * wolifi *oc bib ftiiieoqxft
tf

i-t* 4 w

mitk A t-f yllarimal *>•*?.«**m
•.;tI 04($|f ..i X

.^•v>

14

«4S4

#o

•- '
■ ?! ••?„•', Ali •>,.--' ;* ft C t *** drr f 1(1*0009*

-*i$y >|N
?v|-:

v If

w i ‘^ &#L" i^jTMSIC ftiite sn*i! -

n., Xi tia. *•**<>•ft,:fi•• m &w ft:tHJlWi-dfi0 *

V^;*tr;->‘- ' '■b/vJn ..Vc

»£*J4 rfiiJ:#

.bojtoXq *4

ft*** &not3Bl*:av
:-,

\

■ 0■
• * 10* ilftfttMfr&

*0*f®

one remaining obstacle before reaching the top of the
Pennsylvanian— the Bartola fault— it was found that the
number indicated that the zone lying near the fault is
probably in the Lower gray member.

The geologic map made

from field observations bore out this indication, and it was
concluded that the method could be used as an aid in esti
mating displacement by faulting and thicknesses of the members.
Assuming an average dip of five degrees for the beds overlying the Precambrian exposure of the Sedillo-Cedro Canyon
area, a section of the Lower gray member is calculated to be
about 300 feet in thickness.

Across the Cedro fault to the

east, an average dip of two degrees adds what is believed to
be another 200 feet of thickness before the overlying Upper
arkosic member is reached.

Therefore, the thickness of the

Lower gray member of the Madera formation is approximately

500 feet.
Upper arkosic member. Outcrops of the Upper arkosic mem
ber are confined chiefly to the eastern one-half of the area
and the upper limits of Cedro Peak.

In contrast to the Lower

gray member, the Upper arkosic member is characterized by
more frequent sandstone and shale.

Limestone beds persist

throughout and are found locally in thick sequences.
In the upper 150 feet of the member, red, olive drab, and
shale alternate with sandstone and limestone.

The presence

of red shale indicates that transgression and regression of the
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Pennsylvanian sea continued during the initial phases of
terrestrial deposition that characterizes the overlying Abo
formation.

The top of the highest marine limestone was

chosen as the top of the Madera formation.
An olive drab micaceous sandstone was noted in several
locations in the area.

Observed occurrences are limited to

the Upper arkosic member.
cross laminated.

Exposures are generally silty and

Rocks are composed largely of quartz, feld

spar, muscovite, and biotite grains bound by calcareous
cement.
Olive drab micaceous shale, usually interbedded with the
olive drab sandstone, may grade vertically into the sandstone
or into gray nonmicaceous shale.
In places gray silty shale containing calcareous nodules
grades upward into nodular limestone.

The nodular limestone

is light to dark gray, finely crystalline, and argillaceous
or silty.

The nodules range in size from about one-quarter

inch to three inches in diameter,

The matrix of the nodular

limestone is calcareous and shaly and probably was deposited
as mud.

The matrix weathers readily thereby emphasizing the

nodules on the surface of the rock.

The presence of the

nodules is almost indiscernible on a freshly broken surface
because the matrix and the nodules are the same color and
appear to have much the same texture.
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Near the summit of Cedro Peak, a thickness of about 275
feet of the Upper arkosic member lies above the Lower gray
member.

This interval consists of alternating sandstone and

limestone beds, none of which is more than six feet in thick
ness.

About 225 feet below the summit, the writer found on

the surface pieces of reddish-brown fine- to medium-grained
quartz sandstone containing numerous fragments of Calamites.
The sandstone layer is covered by soil and its thickness was
not measured.

Most of the fragments of Calamites were

flattened by weight of overlying sediments, but a few are well
preserved retaining their original round rodlike shape.

The

core of the pieces exhibits pseudomorphs of limonite after
pyrite crystals (Pis. 2,3).

The presence of Calamites is

worthy of mention since fragments were noticed in several
locations where the Upper arkosic member crops out.

Although

in different localities the stratigraphic position of the
sandstone containing this fossil may vary somewhat, the sand
stone is considered peculiar to this member in the SedilloCedro Canyon area.
Near Highway 66 , from the Los Pinos fault west to the
Abo contact (Pig. 2) , thickness for the exposure of the Upper
arkosic member is calculated to be about 600 feet.

This

section may be placed above (and roughly may be a continuation
of) the section near the summit of Cedro Peak.

It is believed

that a composite made of the two sections would have no gap to

33

„
O

f

/

/

/oc./?

Plate 2
Calamites sp. from near the summit of Cedro Peak*
Tt is a pseudoraorph of limonite after pyrite. The
state of preservation is unique since the original
cylindrical shape is retained as opposed to the
usual flattened shape of other specimens. These
fossils are considered diagnostic of the Upper
arkosic member of the Madera formation in the
Sedillo-Cedro Canyon area.
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Plate 3
Opposite side of specimen shown in Plate 2 .
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separate tth<m.
overlap.

On the other hand, there is probably a slight

T»tal thickness for the Upper arkosic member of the

Madera formation is estimated to be S75 feet.
In suumary, thicknesses for the members of the Pennsylvanian
formations ire as follows:
m
Formations and Members

Thickness
(feet)

Madera limestone
Upper arkosic member. . . . .

#75

Lower gray m e m b e r ..........

500

;Smdia formation.............
Total:

-

&7
1,462

Permian
Rocks that crop out in the Northwestern sector of the
Sedillo-Cedro Canyon area range from Permian to Recent.
These strata shall be mentioned only briefly in this report.
The information as it appears on Figure 2 is derived from the
work of Kelley (1959, p. 35) with some additional information
gathered by the writer during a reconnaissance into the
Tijeras basin.
For thicknesses of formations overlying Pennsylvanian
strata, the reader is referred to Figute 3 reproduced from
the report of Kelley (1959, p. 41) which is a generalized
section of the formations found in the Sandia Mountains area.
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Abo Formation
According to Stark and Dapples (19 4 6 , p. 1 1 5 $) , the Abo
formation rests disconformably upon a formation which they
named the Aqua Torres.

The Aqua Torres consists of beds of

sandstone, conglomerate, purple shale, and thin marine lime
stone in the upper part, and is probably equivalent to the
Bursum formation named by Wilpolt and others (1946 ).

Read

and others (1944) included this sequence in the upper part
of the Madera formation.
In Tijeras Canyon, the Abo formation consists of sand
stone, shale, shaly sandstone, and siltstone.

The sandstone

is deep purple, maroon, brown, and buff colored.

It is fine

to coarse grained, subangular to subrounded, micaceous, feldspathic, and conglomeratic in places.
evident throughout the formation.
mud cracks are present.

Crossbedding is

In places ripple marks and

The crossbedding, ripple marks, mud

cracks, and red color indicate a continental origin.
The formation is exposed in a series of cuestas in which
the bedding strikes about N. 45° E. and dips on an average of
about 17° northwestward.

The cuestas are capped by coarse

grained sandstone that ranges from five to twelve feet in
thickness.

The contact vdth the underlying Pennsylvanian

beds is generally obscure, but may be readily observed in the
road cut to the west of the Bartola fault along U. S. Highway

66 .
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In the mapped area, the Yeso formation may be divided
into two members*

The lower member, termed the Meseta Blanca

and lying conformably on the Abo formation, is an orange-red,
very fine-grained, thin- to massive-bedded resistant sand
stone.

The upper member, named the San Ysidro, consists of

reddish-pink to tan-brown sandstone with some limestone.

The

sandstone ranges from fine to medium grained, subangular to
subrounded, and thin to massive bedded.

Cement in the sand

stone varies from siliceous to ferruginous.

These two members

were not mapped separately in Figure 2 .
San Andres Formation
The San Andres formation conformably overlies the Yeso
formation and may be divided into two members in the Tijeras
area.

The basal member, the Glorieta sandstone, is gray,

massive, subangular to subrounded, and medium grained.

It is

cemented by silica and has a saccharoidal texture.
The upper member, the San Andres limestone, consists of
gray, yellowish, and olive drab limestone that is thin to
medium bedded and fossiliferous.

The upper part of the mem

ber is a tan to white sandstone.

It is medium grained, sub

angular to subrounded, massive, and well indurated.

The members

of this formation were not mapped separately in Figure 2 .

3$

Mesozoic Systems
Triassic
Dockum Formation
The name Dockum was introduced into eastern New Mexico
from the Texas Panhandle,

The formation lies disconformably

above the San Andres formation and is assigned to Upper
Triassic,
In the Tijeras area, the lower part of the Dockum forma
tion contains an equivalent to the Shinarump conglomerate or
the Santa Rosa sandstone.

The sequence consists of conglomerate,

reddish-brown and maroon sandstone, and mudstone with some
limestone.
The upper part of the formation which is equivalent to
the Ghinle is composed of variegated shale with thin limestone
and sandstone stringers.

The shale is red and maroon.

Near

the top of this sequence there are a number of sandstone beds
that are red, brown, gray, and purple.

They are thin bedded,

fine to medium grained with subangular to subrounded grains.
Most of the sandstone is calcareous and crossbedding is
present.
Jurassic
Entrada Sandstone
The Entrada sandstone is covered in much of the mapped
area, but a few good exposures were found.
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The formation is dominantly sandstone, fine grained,
well sorted, subrounded, and thin to massive bedded.

It is

reddish brown in the lower part and white in the upper part.
Todilto Formation
No exposures of the Todilto formation were found in the
mapped area.

It was thought at first that the formation

might be absent because the evaporite basin in which the
Todilto gypsum was deposited did not extend into the Tijeras
area.

However, a small exposure of the Todilto formation

was noted in Section 29 and 30, T. 11 N., R. 6 E., just beyond
the northern boundary of the area mapped.
Morrison Formation
The Morrison formation is dominantly sandstone with
variegated shale.

The lower one-third is mainly shale that

is gray, green, purple, red, and lavender.

Thin beds of

nodular limestone alternate with the shale.
The upper two-thirds is comprised of gray, buff, grayish
green, and pink sandstone that has a speckled appearance on
the weathered surface.

It is mostly quartz with some arkose

and is argillaceous and calcareous in some places.
bedding was found in much of the sandstone.
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Upper Cretaceous
Dakota Sandstone
The Dakota sandstone crops out in Sections 2 , 1 1 , and 15,
T. 10 N., R. 5 E. where it forms a steep hogback.

The forma

tion contains sandstone, shale and conglomerate.

The sand

stone is buff to orange with subangular to subrounded grains,
medium to coarse grained, and contains a siliceous cement.
The shale is green to gray and is silty and sandy.

At the

base of the formation is a quartz conglomerate with particles
that range in size from one-quarter inch to two inches in
diameter.
A.an cos Shale
In the Tijeras area, the Mancos shale forms broad flat
valleys, and is in most part, an olive green, drab calcareous
shale.

In the lower part of the formation, two prominent

sandstone layers crop out and form small ridges.

The sandstone

is gray buff, fine grained and siliceous.
In the lower one-fourth of the formation, there are
several thin- to medium-bedded fossiliferous limestone layers.
Alternating with the limestone beds are concretionary zones.
The concretions range in size from six inches to two feet in
diameter.
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Mesaverde Formation
The Mesaverde formation is composed of alternating
sandstone and shale beds.

The sandstone is olive drab, tan,

buff, and yellow buff, thin to massive bedded, and fine to
coarse grained, with a few conglomeratic lenses.

The grains

are subangular to subrounded quartz.
The shale is gray, buff, and brown, and contains coal
seams.

The coal seams occur mainly in the upper shale beds

and were mined at one time, but none of the mines is
presently in operation.
Cenozoic Rocks
Tertiary(?)
At least three dikes intrude the strata of the area
mapped.

Two of these dikes are exposed where they intrude

Permian strata and the third crops out where it cuts through
the Mancos shale.

The dikes seem to be of about the same

mineralogical composition and are deeply weathered.

The rock

is a porphyry with hornblende crystals in a very fine grained
groundmass.

The hornblende is weathering to a calcareous

mat eri al.
The emplacement of the dikes is believed to have taken
place during late Cretaceous or possibly early Tertiary time.
Evidence that the dikes intruded no earlier than late
Cretaceous time lies in the fact that the largest of the three
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dikes cuts through the Mancos shale.

Read and others (1944)

indicate that this dike is an early Tertiary intrusive.

No

evidence was found by the present writer to indicate emplace
ment occurred after this time.

Since all three dikes appear

to have the same mineralogical composition, it is believed
that the intrusions took place simultaneously.
Recent
Recent deposits are divided into two types:
and soil cover.

valley fill

The basis for differentiation depends upon

composition and location of deposition (that is, valley or
slope) .
Valley fill is composed mainly of transported fragments
ranging from pebbles to boulders in size and having a typical
stream-bed appearance.

Smaller fragments, including soil,

are also present and may be locally abundant.

Valley fill is

confined to pronounced valleys such as Tijeras and Cedro
Canyons where the larger fragments have been concentrated.
Soil cover is found in most of the area.

The soil Is so

abundant that one is faced with the problem of where to place
contacts between the soil and underlying rocks without going
into great detail.
would be mapped.

It was decided that only open-field soil
These broad treeless expanses were picked

from the air photos where no outcrops were visible.
Most of the soil is composed of clayey silt with scattered
fragments of limestone and sandstone debris.
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Soil accumulation

thickens to the east as the underlying strata dip into the
Estancia basin.

STRUCTURE
During the time of uplifting of the block that now forms
the Sandia Mountains, the area lying immediately behind or to
the east of the crest buckled and faulted to relieve the
pressure exerted by corapressional and tensional forces.

Thrust

faulting occurs in some localities, but normal faulting generally
predominates.
At the southeastern base of the backslope of the Sandias,
fault ng and folding are pronounced.

The western and north-

central parts of the Sedillo—Cedro Canyon area fall within
this pronounced complex and exhibit prominent structural
features.
In the northwestern corner of the area lies the Tijeras
basin in which may be found intensive folding and faulting.
The basin is terminated to the south by the prominent
Gutierrez fault where late Cretaceous rocks are downthrown
against Permian strata.
South of the Gutierrez fault folding is either minor,
and usually related to faulting, or very broad and gentle.
Both folding and faulting die out rapidly southward from
Tijeras Canyon and east of Cedro Canyon.

Along the little-

faulted eastern one-half of the area, attitude of bedding is
fairly uniform and dip is gentle.
44
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All faults in the Pennsylvanian strata of the area are
believed to be normal.

It is a characteristic of the strata

of the downthrown block of these faults to be bent sharply
upward near the fault plane.
the fault.

Dip decreases rapidly away from

Strata in the upthrown block, in contrast, are

generally undisturbed.

Sharply upturned beds, because they

usually indicate the presence of a fault, were very useful in
mapping.

In a few places small exposures of these beds helped

to prove the presence of faults that would have otherwise
escaped detection.
Structure Contours
A structure contour map was prepared using the top of
the Precambrian as a datura.

Spacing of the contours was

aided by a template as devised by Crowell (194#, p. 2290-91).
Contouring indicates that structural relief of the Precambrian
may reach as much as 1,7 0 0 feet within the area with the high
point located south of Cedro Peak, and the low point located
in the northeastern corner of the area.

The Tijeras basin

area was not contoured.
Faults
Faults within the area consist of two sets that trend
approximately at right angles to one another.

One set trends

approximately N. 25° 5., and the other trends about N. 45° W.
Soil cover obscures much of the bedding and generally the
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exact position of the fault trace cannot be located.

Con

sequently, at places where it was known that the two fault
sets intersect, the writer was not able to determine if move
ment in one set preceded movement in the other.

For example,

while mapping the northwestern boundary of the Precarabrian
inlier, the writer observed that the boundary lies along the
Chamisoso fault and is terminated by the Cedro fault.

The

Chamisoso fault is obscured in this locality, but strata of
the Lower gray member lying in close proximity to Precambrian
rocks reveal its presence.

The intersection of the two faults

is covered and there is no evidence to indicate that one
fault is younger.

It may be that movement was simultaneous.

In Figure 2 , the two fault sets are shown to intersect without
displacement•
Northeast-Southwest Set
Tijeras Fault
Only a small part of the Tijeras fault crosses the north
western corner of the area.

The fault is downthrown to the

southeast and appears to exhibit right strike-slip as Mesozoic
beds are displaced to the north in the northwestern block.
Kelley (1959, p. 36 ) believed the fault was first active in
late Precambrian time.

He stated that whereas post-Cretaceous

movement of the fault was of considerable magnitude, Precambrian
rocks display more marked effects than do Paleozoic rocks where
the fault crosses Tijeras Canyon.
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Gutierrez Fault
This fault crosses the area in a northeast-southwest
direction immediately north of U. S, Highway 66 ,

It forms

the southern termination of the folded beds of the Tijeras
basin.

Stratigraphic throw of the fault near the southern

edge of the Tijeras anticline ranges from 3,000 to 4,000
feet.

The downthrown block is to the northwest, forming a

graben between the Gutierrez and Tijeras faults.

South of

this fault, vertical displacement on the remaining faults is
greatly diminished.
Zuzax Fault
The Zuzax fault extends into the area from the northeast
in Section 5 ,T. 1 0 N.,R, 6 S. where it trends southwesterly
and terminates against the Gutierrez fault.
fault appears to split (Fig. 2),
each branch is to the north.

Near Zamora the

The downthrown block of

Stratigraphic throw of the fault

ranges from 200 ^ 50 feet at its northeastern extent to over

500 feet near Zamora where the throw is divided between the
two branches.
Bartola Fault
Lying a short distance to the southeast of the Zuzax
fault, the Bartola fault also extends into the area from the
northeast and trends southwestward• South of the point where
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it crosses Highway 66 , the fault appears to divide into two
branches.

The northern branch continues southwesterly as
Where the fault crosses Highway 66 ,

the Bartola fault.

stratigraphic throw may be as great as $00 feet.

Southwest

of the place where it splits, the throw of the Bartola fault
diminishes to about 100 +, 50 feet and continues to diminish
southwesterly.
Chamisoso Fault
The southern branch of the Bartola fault, termed the
Chamisoso fault, appears to bend southwesterly as stratigraphic
throw decreases.

Along the northwestern base of Cedro Peak,

throw is 100 ^ 50 feet.

Estimation of the amount is based on

field observations which indicate that strata of the lower
part of the Lower gray member lie against Precambrian rocks
at the fault plane.

A throw of about 100 feet would adequately

conceal the Sandia formation and the small part of the Lower
gray limestone member which do not outcrop in the downthrown
block.
Faults lying to the northwest in the same set as the
Chamisoso fault tend to shorten the areal width of the Penn
sylvanian rocks.

Thickness measurements using aerial photographs

indicate, however, that nearly all of the section is present
although most of it is concealed by soil cover.

Precambrian

rocks in the downthrown block of the Chamisoso fault probably
lie 100 + 25 feet below the surface.

The importance of the Chamisoso fault is that it
apparently forms a hinge line on which all beds to the north
have been tilted downward more steeply, thereby producing
exposure and preservation of most of the Pennsylvanian sequence
and the Abo formation.
Lesser Faults
North of the Chamisoso fault in Cedro Canyon, numerous
small faults in the northeast-southwest set cross the canyon
parallel to strike of the bedding.

In Figure 2 these faults

are shown crossing the canyon from the west and terminating
a short distance to the east.

Small faults in the other set,

also shown in Figure 2 , cross Tijeras Canyon from the north
west and die out shortly to the southeast.

These small faults

in the area of the canyons fall within the Tijeras constriction
of concentrated deformation.

The faults in this area have

broken and tilted most of the bedding, and as a result, the
rate of erosion has been greater here than in the areas of
less deformation.

The Cedro Canyon displays the best exposure

of Pennsylvanian strata in the Sedillo-Cedro Canyon area.
Northwest-Southeast Set
Otero Fault
This fault was named after Otero Canyon which extends
into the area from the southwestern corner and joins with
Cedro Canyon.

The downthrown block is to the west.
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The fault

is estimated to have a throw of 200
Cambrian inlier is exposed.

50 feet where the Pre-

The fault extends from just north

of Highway 66 to beyond the southern boundary of the area.
Northwest of the intersection with the Chamisoso fault, the
Otero fault may split.

The eastern branch is shown in Figure

2 ; the western branch is not.

The western branch, if present,

would continue to the northwest through Cedro Canyon.

The

writer was unable to correlate bedding from one side of the
canyon to the other and for this reason, it is possible that
a fault may be concealed below the canyon floor.

However,

bedding on either side of the canyon does not have the
characteristic upbending displayed in downthrown blocks of
faults in the area.

Because there is not conclusive evidence

to prove its presence, the western branch was not mapped.
The Precambrian rocks have been exposed in a horst formed
by the Otero fault on the west, the Cedro fault on the east,
and the Chamisoso fault on the north.

The horst gradually

widens to the south.
Shakespeare Fault
Lying immediately east of the Otero fault, the Shakespeare
fault, named after the Shakespeare mine, is estimated to have a
throw of about 50 to 75 feet.

Although displacement is on a

rather small scale, the fault persists for about five miles.
The downthrown block is believed to lie on the east.
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Cedro Fault
In the mapped area, this is the most prominent fault
within the northwest-southeast set.
probably exceeds 200 feet.

Stratigraphic throw

The upthrown western block forms

one side of a horst, and the downthrown eastern block forms
one side of a long graben in which beds of the Upper arkosic
member are preserved around Cedro Peak.

The Cedro fault

persists beyond the southern boundary of the area.
Sabino Fault
This fault is named after a small abandoned settlement
south of Cedro Peak.

It is difficult to trace in the field

and its lateral extent and amount of vertical displacement
is questionable.
is inferred.

Much of the fault trace shown in Figure 2

The writer was able to find evidence of faulting

only in widely separated locations.

The topographic map

appears to show a vague delineation which corresponds to the
inferred position of the fault trace.

It may be pointed out

that if the fault trace is extended southward from the
vicinity of Cedro Peak beyond the southern boundary of the
area* its presence lends credence to the structural contouring.
Stratigraphic throw along the fault may range from 50 to 15 0
feet but is probably nearer the lower value.
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Folds
Tijeras Basin
Structure within the Tijeras basin consists of northnortheast-trending asymmetrical folds inclined to the west.
Folds are well reflected by the resistant Mesaverde formation.
On the eastern part of the basin lies the asymmetrical north
easterly plunging Tijeras syncline.

The southwestern part of

the axis has been terminated by the Gutierrez fault. The
*
o
eastern limb dips on an average of 1 $ to the west and the west
limb dips about 20 ° to the east.

The plunge of the syncline is

approximately &°.
The west limb of the syncline forms the gently dipping
limb of the north-plunging asymmetrical Tijeras anticline.
o
o
The anticline plunges N. 17 E . at approximately 5 • The
eastern limb dips to the east at 1 $° and the western limb
o
dips to the west at 20 . The axis is terminated on the south
by the Gutierrez fault.
Bordering the west side of the Tijeras anticline is the
San Antonio syncline.

The syncline is also asymmetrical and

plunges to the north.

The eastern limb dips west at 20 ° and

the western limb dips east at about 30°.

The axis is termi

nated on the south by the Gutierrez fault*
Gedro Area
Minor Folds
A small northeasterly plunging anticline lies along the
southwestern part of the Chamisoso fault.
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limbs dips about 20°•

Another small anticline, also plunging

to the northeast, lies along the northeastern part of the
Bartola fault.

In this fold, the flanks dip about 40°.

Both

anticlines are in the downthrown block, but reasons for their
development are not clearly understood,
A syncline which may broaden to the southwest lies south
of the village of Tijeras in Sections 26 and 2 7 , T # 10 N.,
H, 5 £.
west,

The axis trends northeast and plunges to the south
The southern flank dips north at 7° and the northern

flank dips south at 2°.
Sabino Anticline
The Sabino anticline is a broad gentle fold lying south
of the Chamisoso fault. The axis trends about N, 20° W, and
o
plunges about 3 to the northwest. Dip on the eastern flank
^o

averages 3

to the east.

The western flank is broken by

several northwest-southeast-trending longitudinal faults, most
of which are downthrown to the west.

The faults have tilted

the bedding in the western flank and dip ranges from 2° to 30°
to the west.

As a result of the faulting, the anticline has

an asymmetrical appearance.
Structurally, the highest point within the area lies
south of Sabino along the crest of the Sabino anticline.

The

gentle dip of the eastern flank of the structure continues
beyond the eastern boundary of thejarea toward the ^stancia
basin.

The lowest structural point lies in the northwestern

corner of the area.
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GEOLOGIC HISTORY

Late Precambrian orogeny and regional metamorphism
altered clastic sediments and volcanics into quartzite, schist,
gneiss, slate, phyllite, and greenstone.

During later phases

of the orogeny, a large porphyritic biotite granite mass was
intruded into the older rocks.

From late Precambrian possibly

through Devonian time, profound uplift and erosion took place
in northern New Mexico.

Sediments derived were deposited in

an early Paleozoic sea that covered most of southern New Mexico.
By Pennsylvanian time, the region was peneplaned.

There

may have been extensive thin deposition in the region during
Mississippian time, but if so, most of the strata was sub
sequently removed by erosion before deposition during the
Pennsylvanian period.
Read and Wood (1947, p. 225) indicate that the SedilloCedro Canyon area was part of an eastern shelf of a broad
regional trough that formed to the west during Pennsylvanian
time (Fig. 4).

This shelf rose to the east before plunging

rather abruptly into the Rowe-Mora basin or trough.

The two

major positive areas that greatly influenced sedimentation
during much of Pennsylvanian time are known as:

(1 ) the

Sierra Grande arch which extends into New Mexico from the
northeast and trends southwestward for an unknown distance;
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Figure 4
Map showing thickness and facies of Pennsylvanian
rocks in parts of northern New Mexico, after Read
and Wood, 1947, p. 225.
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and (2 ) the Uncompahgre positive axis which extends into New
Mexico from the northwest, has an arcuate form, and extends
at least into central Torrance County.

To the west, the Zuni

arch and the Penasco and Joyita axes are considered to be of
secondary importance in influencing sedimentation.

On the

other hand, the Pedernal axis contributed important quantities
of elastics to the Sedillo-Cedro Canyon area since the axis
lay in proximity to the east.
At the close of Pennsylvanian time terrestrial sediments
alternated with marine deposits.

In early Permian time (?)

the sea regressed for a longer interval allowing deposition
of the red beds comprising the Abo formation.
The dominantly marine sandstone and shale of the Yeso
formation conformably overlie and often intertongue with the
Abo formation indicating a continuous deposition of sediments
in a transgressive oscillatory sea.

The oscillation continued

as sandstone and limestone members of the succeeding San
Andres formation were deposited.
The Permian appears to have been brought to a close dur
ing a period of uplift and erosion.

Lower and Middle Triassic

sediments are missing in this area thus indicating a hiatus,
probably in the form of an erosional disconformity. The
Upper Triassic Dockura formation is indicative of a floodplaintype deposition in an arid climate.
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The frosted nature of the grains of the Jurassic Entrada
sandstone indicates deposition was in part aeolian.

Sediments

of the basal part of the Morrison formation were deposited in
floodplain and aeolian conditions.

When deposition overtook

subsidence, sand deposition intensified.

Deposition ceased

as regional uplift was followed by erosion at the end of the
period or during early Cretaceous time (Kelley, 1952, p. 103),
In Upper Cretaceous time the area began to subside and
seas from both the north and south transgressed and met,
flooding the entire region.

The transgressive deposits of

the Dakota sandstone were conformably overlain by finer
grained muds of the Mancos shale with sands being deposited
during minor transgressions.

As the sea became regressive, a

transitional contact zone between the Mancos and overlying
Mesaverde formation was formed.

In late Cretaceous time the

sea retreated for the last time and gave way to vast floodplains in which extensive coal deposits were formed.
During the Laramide revolution of late Cretaceous and
early Tertiary age, much of New Mexico, including the Sandia
Mountains area, experienced widespread igneous and diastrophic
activity.

In general, the entire area was uplifted.

Reiche

(1949i p. 1 2 1 0 ) suggested the Laramide thrusting occurred in
the Los Pinos, Manzano, and Kanzanito Mountains, but that on
the site of the Sandia Mountains, deformation was characterized
by anticlinal folding.

Stark and Dapples (1946, p. 1 1 6 5 )
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indicate that thrust faulting accompanied by some doming over
the center of the Los Pinos Mountains is probably associated
with Laramide orogeny.

Kelley and Reynolds (1954, p. 12 7 2 )

indicate the Sandia Mountains were probably elevated first
by late Laramide eastward upthrusting along a line of buckles
and high-angle faults east of the present crest.
Read and others (1944) stated that following deposition
of the Galisteo formation of late Eocene-early Oligocene time,
orogenic movements produced the Sandia, Manzano, and Manzanito
Mountains and the great intermontane basin of the Rio Grande
Valley.
Faulting and folding in the Sedillo-Cedro Canyon area are
believed to have occurred nearly simultaneously, probably during
the later stages of the post-Galisteo orogenic movements.

All

faults in the area are normal indicating that they occurred as
compressional forces were released.

Folds in the Tijeras

basin formed as the graben moved downward.

The Sabino anticline

formed as faulting shifted the attitude of the bedding to form
the western limb of the structure.
Stearns (1953, p# 493-504) reports that the Sandia high
land existed, perhaps with considerable relief, in the form of
a great anticline at the beginning of Santa Fe time.

Subse

quent faulting occurred late in Santa Fe time, elevated the
main block, and outlined much of the Rio Grande.
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Quaternary and Recent history of the Sandia uplift is
one of erosional processes.

ECONOMIC GEOLOGY
Fuels
Coal
As previously mentioned, late Cretaceous coal deposits
are found within the Tijeras basin.
mines may be found in the area.
ection 12, T. 10 N., R, 5 E.
6, T. 10 N., ;i. 6 E.
cline.

At least three abandoned

One, the Holmes mine, is in
The other two lie in Section

All the mines are in the Tijeras syn

The deposits are not presently mined and are considered

unimportant•
Petroleum Possibilities
Tijeras Anticline
Two wells were drilled on the Tijeras anticline, one in
1947 and the other in 1945 to 1,121 and 1,510 feet, respectively.
Both wells were drilled within a few feet of each other about
700 feet east of the crest.
Sabino Anticline
The thickness of the strata overlying Precambrian rocks
along the crest 01 the Sabino anticline is believed to range
irom 90 to 200 feet.

Exposures along the crest are comprised
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of beds of the Lower gray member.
about 2

Because of the low dip of

along the flanks of the structure, there is virtually

no closure.

'ith the limited thickness of strata below the

surface there are no petroleum possibilities.
Mineral Deposits
Metallic
In section <6 , T. 10 N ♦, ft. 5 E, just east of State Hoad

10 is the abandoned Shakespeare mine (Fig. 2 ).

The mine is

a vertical shaft which is possibly over 200 feet in depth.
There is no means of access into the shaft which has filled
partially with water.

The shaft, located on a hilltop,

descends along the plane of the Shakespeare fault.
sation is visible at the surface.

No minerali

The present owner reported

that the operation was originally mined for silver.
iVt the southern base of the hill, the present owner is
extracting barite from a shallow shaft along the same fault.
I he writer was unable to obtain permission to enter this shaft
and it was not investigated.

Slightly up the slope is a short

tunnel in which the fault was observed to dip ?g° to the west.
No mineralization was found in the tunnel.
Elston (1961, p. 1 5 7 ) reported that most of the vein
deposits in the district occupy north-trending, high-angle
faults which are post-Pennsylvanian, probably Tertiary.
Future ni3.ning possibilities in the area are considered
insignificant.
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Nonmetallic
Oi recent importance, limestone has been quarried for
the manufacture of cement by the Ideal Cement Company which
has built a large processing plant south of U . S. Highway 66
at Tijeras.

The company has a quarry west of the plant from

which it removes limestone and shale from the Upper arkosic
member of the Madera formation,

Elston (1 9 6 1 , p. 16 3 ) reported

tn&t during the fiscal year 1959 /19 6 0 , the plant consumed
-.•■9,060 tons of limestone and dolomite, 4 2,226 cubic yards of
shale, and 10,3$5 tons of gypsum.
*19,000,000.

The cost of the plant was

It has a capacity of 2,500,000 barrels per year.

It is the only cement plant in New Mexico and employs about

100 men.
Reserves of limestone for the manufacture of cement are
virtually inexhaustible.
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